ABSTRACT: Aiming at the nuclear power plant structure of Haiyang Shandong and adopting time domain analysis approach, the seismic analysis of inlet and outlet parts of water intake channel are made in this paper. The changes of internal force of the inlet and outlet parts of the water intake channels under the complicated muti-load environment of soil pressure, temperature, water hammer pressure, seismic load is analyzed. The calculation results show that the water hammer pressure, the seismic load and wall thickness of the wall have a significant effect, and encrypted reinforcement at the weak section should be applied during the design and construction. The calculation can provide the basis for the seismic analysis of the water intake channel in nuclear power plant.
INTRODUCTION
Fukushima Daiichi nuclear complex started leaking radiation after the 9-magnitude earthquake in March 2011 in Japan, which led to a high degree of concern about the safety of nuclear power facilities in all walks of life [1] . Water intake channel is a very important supply facility in the circulating water system of the nuclear power plant and is also the basic guarantee for the safe and effective operation of the whole nuclear power facilities.
In recent years, many domestic and foreign scholars have studied the seismic resistance of pipelines [1] [2] [3] [4] . The simplified model of pipeline and the finite element equation of buried pipeline under earthquake are given in literature [5] [6] , and it laid the foundation for the analysis of the pipeline at the same time. Hu Yong-fang [7] analyzed the safety of the special section of large diameter water tunnel under horizontal earthquake action in nuclear power plant, and combined with the structure internal force calculation results to analysis of the special structure of the seismic risk. Guixuan Wang [8] used ANSYA entity unit to simulation integral structure of water delivery pipeline, and comprehensive analyzed the influence of temperature load, seismic load and cross section form of the overall structure of the internal force of pipeline.
This paper is based on the background of the first stage of water intake channel Engineering of Shandong Haiyang nuclear project. It takes the channel inlet and outlet parts as the main object of study and uses dynamic time history analysis method to carry on the earthquake resistance analysis. The internal force of lining structure is calculated by the FLAC3D program and the five point formula. The influence of temperature load, water hammer pressure and seismic load on the internal force of the channel inlet and outlet is analyzed. On this basis, comparative analysis of internal forces in the inlet and outlet parts of different wall thickness.
BASIC PRINCIPLE OF DYNAMIC ANALYSIS

Dynamic analysis method
The time history analysis method is a kind of dynamic method for the direct integration of structural motion equations. It fully considers the seismic wave amplitude, frequency and duration of the three major characteristics which can reflect the true of earthquake disaster process. In this paper, rock and soil material is assumed a nonlinear elastic medium with viscous damping. The dynamic analysis of the reaction dis-placement, reaction speed and the acceleration of the reaction are interrelated. Its equation of dynamic equilibrium [9] is show in formula 1. 
Type: I 1 is the first invariant of stress tensor, J 2 is the second invariant of partial stress, θ σ is the stress lode angle. The yield surface of the three dimensional space with the Moore Coulomb criterion is irregular hexagonal cross section. The first stage of water intake channel Engineering of Shandong Haiyang nuclear project below the surface of the earth is moderate weathering and breeze based rocks. The degree of weathering is locally different, but its distribution range is very small. It has little influence on the strength and uniformity of the whole foundation, and its mechanical properties are not obviously different. The foundation rock mass in this area can be regarded as the same mechanics layer. The section form of water intake channel is the inner circle and the outer square. Channel diameter in the vicinity of the steam room is 3.8m and its wall thickness is 0.8m. The inside diameter of nuclear safety water through is 2.4m and the wall thickness is 0.6m into the steam room. Then, by the diameter of 2.8m and 0.8m of the wall thickness of the pipeline discharged nuclear safety water. (See Figure 
ENGNINEERING SURVEY
ESTABLISH THE THREE-DIMENSIONAL ANALYSIS MODEL
Establishment of model
The water inlet channel part of three-dimensional dynamic analysis model is same as the static model, the wide of model is 97m and the depth of bedrock is taken as the calculation range of 50m at the bottom of the water intake channel. Rock mass uses hexahedron element in the three-dimensional analysis model, and is divided into 120698 units and 61486 nodes. The width of water outlet part three-dimensional analysis model is 110m and the depth of bedrock is same as the water inlet channel part, and rock mass is divided into 102769 units 
Boundary condition setting
The selection of boundary condition around the model is a main content in the dynamic problem. The artificial boundary is set up in the model in order to accurately simulate the propagation process of seismic wave in the actual site. Viscous boundary is first proposed by Lysmer and Kuhlemeyer (in 1969) [10] [11] [12] . The specific approach is to set free and tangential damper in the model law, so as to achieve the purpose of absorbing incident wave. The calculation formulas of the normal and tangential viscous forces provided by dampers are respectively.
Where v n is forward component of the velocity on the boundary; v s is tangential component of the velocity on the boundary; ρ is medium density; C s is the propagation velocity of P wave in medium; C p is the propagation velocity of S wave in medium.
Boundary conditions of each side of the model need to pay attention to thinking about free field motion without ground structure. Through two-dimensional and one-dimensional grid method around the model to achieve the free field boundary conditions, the side boundary of column grid was coupled through damper and free field grid and the unbalanced force of the free field grid is applied to the boundary of the main body. The dimension of the space unit must be less than the maximum frequency component of the input wave corresponds to the wavelength of the 1/10-1/8 in order to accurately simulate the propagation of seismic waves in FLAC3D dynamic analysis. The calculation model of the largest grid width is 7.64m in order to consider the influence of main spectral components of seismic waves.
Seismic wave selection
Seismic wave curve is based on the time history seismic waves of rg1.60 and it accords to Seismic waves provided by the seismic safety evaluation report of the nuclear power plant. Earthquake analysis only needs to consider horizontal ground motion and without considering vertical ground motion. The time history seismic wave of RG1.60 is 28 seconds, and the horizontal direction is 0.10g. The time history curve of seismic wave is shown in Figure 7 .
Horizontal earthquake waves 1 Horizontal earthquake waves 2 Figure 7 . Seismic wave curve of RG1.60. 
Calculation parameters
The selection of gravel calculation parameters is based on similar engineering experience. See Table 1 for each parameter. Selecting the temperature difference between the inside and outside of the water intake channel is 10 to computational analysis in this paper.
Internal force calculation
The internal force distribution of the underground structure is calculated via FLAC3D in this paper. But it is unable to directly the corresponding internal forces on the section directly (Such as bending moment, shear force and axial force). It needs development of the FLAC3D secondary and combine with the five point formula to calculate internal force of lining structure. 13 control points ( Figure 8 ) are selected at the inlet of the water intake channel and the water outlet part selects 14 control points ( Figure 9 ) in numerical calculation in order to obtain the internal force of control point. 
NUMERICAL CALCULATION AND ANALYSIS
Firstly, choose 6 kinds of working conditions to computational analysis inlet and outlet parts of water intake channel. The change of internal force under the combined action of various loads is discussed comprehensively (Such as water pressure, soil pressure, temperature, water hammer pressure and earthquake, etc.) Then, select the 3 typical conditions to analysis the internal force under the different thickness of the inlet and outlet position. Table 2 is the inlet and outlet position of the internal force analysis of condition combination table. Table 3 is the inlet and outlet position of the internal force analysis of contrast condition combination table. 
The internal force analysis of water inlet
This paper selects 6 kinds of working conditions to discuss the internal force changes of water inlet position under the weight, soil pressure, water pressure, temperature and seismic load effect combination. Table 4 summarizes the water inlet channel position of maximum internal force under the 6 kinds of working conditions. As shown in the table, the internal force at the inlet pipe of 2 working condition was significantly higher than the condition 1. The temperature in the tube is higher than outside of tube and the influence on the inlet internal force is more significant. So it is more dangerous when the temperature in the tube is higher. Compared working condition 4 with 1, 2 and 3, the bending moment and shear force of the working condition 4 are all increased, but axial force is decreased. Effect of water hammer pressure on the water inlet part of internal force is very significant when the other loads are same. Therefore, condition 4 can be control at the inlet pipe static condition analysis. Comparing condition 2 with 6 and 3 with 7, the bending moment, axial force and shear force is respectively become larger than before at operation period and maintenance period when the earthquake occurred. As can be seen, the internal force of earthquake load on the water inlet position was very impact. So it should design inlet weak parts of encrypted reinforcement treatment. It can be considered as the control conditions of the dynamic analysis of the working condition 5 by compared the working condition 5 with 6. Table 5 summarizes the water inlet channel position of maximum internal force under the 6 kinds of working conditions.
The internal force analysis of water outlet
Comparing condition 1 with condition 2, the moment and axial force of the water outlet part in condition 2 is increased, but the shear force is decreased. The temperature in the tube is higher than outside of tube and this affects the inlet internal force is more significant. So it is more dangerous when the temperature in the tube is higher. Comparing condition 4 with condition 1, 2 and 3, the bending moment, shear force and axial force of the working condition 4 are all increased. Effect of water hammer pressure on the water outlet part of internal force is very significant when the other loads are same. Therefore, condition 4 can be control at the outlet pipe static condition analysis. Comparing condition 2 with 6 and 3 with 7, the bending moment, axial force and shear force is respectively become larger than before at operation period and maintenance period when the earthquake occurred. As can be seen, the internal force of earthquake load on the water outlet position was very impact. So it should design inlet weak parts of encrypted reinforcement treatment. It can be considered as the control conditions of the dynamic analysis of the working condition 5 by compared the working condition 5 with 6. 
Internal force analysis of comparison of inlet and outlet water position
According to the different wall thickness at the inlet and outlet parts, taking 3 typical conditions to analysis the internal force. Table 3 gives the comparison of the maximum internal force of the inlet and outlet of the 3 kinds of working conditions. As shown in Table 6 , the moment value of the outlet water part is more improved than that of the inlet water part because of the water outlet part wall thickness is greater than the water inlet part wall thickness, the biggest difference is 77.5% and the minimum difference is 41.6%. The axial force and shear force under the condition of 7, 9 have decreased, the maximum differences were 17.3% and 41.9%; minimum difference are 14.8% and 19.5%; the axial force and shear force in the condition of 8 have certain to rise, respectively, an increase of 103.7%, 28.2%. These can be concluded that the wall thickness is very significant to the internal force of channel.
CONCLUSIONS
This paper analyzes the seismic response of the inlet and outlet of the water intake channel by using FLAC3D software. Calculation results show that: (1) The temperature in the tube is higher than outside of tube and this influence on the inlet internal force is more significant. (2) Effect of water hammer pressure on the water inlet part of internal force is very significant. So this condition can be used as the control condition of the static analysis. (3) The internal force of earthquake load on the water outlet position is very significant effect. Therefore, the design and construction to intake the weak parts of encryption and reinforcement. (4) The internal force of channel is different, and the thickness of the wall is bigger and bigger in different wall thickness. 
